To evaluate the accuracy and applicability of the TMPA 3B42-V7 precipitation product for the Lancang River basin, we used different statistical indices to explore the performance of the product in comparison to gauge data. Then, we performed a hydrologic simulation using the Variable Infiltration Capacity (VIC) hydrological model with two scenarios (Scenario I: streamflow simulation using gaugecalibrated parameters; Scenario II: streamflow simulation using 3B42-V7-recalibrated parameters) to verify the applicability of the product. The results of the precipitation analysis show good accuracy of the V7 precipitation data. The accuracy increases with the increase of both space and time scales, while time scale increases cause a stronger effect. The satellite can accurately measure most of the precipitation but tends to misidentify non-precipitation events as light precipitation events (<1 mm/day). The results of the hydrologic simulation show that the VIC hydrological model has good applicability for the Lancang River basin. However, 3B42-V7 data did not perform as well under Scenario I with the lowest Nash-Sutcliffe coefficient of efficiency (NSCE) of 0.42; Scenario II suggests that the error drops significantly and the NSCE increases to 0.70 or beyond. In addition, the simulation accuracy increases with increased temporal scale.
INTRODUCTION
Accurate precipitation data, especially featuring high accuracy and spatial-temporal resolution, are vital for hydrologic simulations, water resource management, flood and drought disaster forecasts, and other relevant studies (Collischonn et al. ; Hou et al. ) . Currently, the traditional precipitation data are mainly obtained from gauge observations and ground-based radar measurements. However, the gauge measurement is typically affected by its spatial distribution as well as by the density of station networks (Li ; Li et al. ) , whereas the data from ground-based radars are frequently impacted by the terrain and electronic signals. In such a case, it is still difficult to obtain completely reliable and Precipitation Measuring (IMERG) products (Hou et respectively. The data of the near-real-time product are directly derived from satellites with slight calibration, using non-TRMM data obtained from multiple sensors, and thus they can be available in near-real time (about 9 h after the observation); the post-process product is re-calibrated from pure satellite estimates based on monthly surface rain gauge data, and hence it would be made public much later than 3B42RT (10-15 days after the end of each month) (Huffman et al. ) . Under this circumstance, the 3B42 product can provide more accurate and reliable precipitation data.
The latest version of the 3B42 product, TMPA 3B42-V7
(hereafter simply referred to as V7), uses the latest version of the re-calibrated algorithm and was released in June 2012.
The accuracy of the V7 product was generally improved and the bias for low latitude humid areas was reduced compared to the previous V6 version (Huffman et Still, the accuracy of the product needs to be improved because the satellite uses electromagnetic waves, which may be severely altered by precipitous terrain (Curtis et al. ; Aghakouchak et al. ) . Overall, the 3B42 products, especially the V7 version, have high application value and considerable development prospects. However, the data collection and precipitation inversion process are strongly influenced by many factors (e.g. topography and weather conditions); under this circumstance, the accuracy and applicability in certain specific regions need to be further investigated, especially for alpine and gorge regions (Liu et al. ) .
For the hydrological utility, the 3B42 products have superior performance in basins with relatively plain terrain, including the Ganges-Brahmaputra River basin (Siddique-EAkbor et al. ), the Amazon River basin (Collischonn et al. ) , and the Gilgel Abay River basin (Bitew & Gebremichael ) . Additionally, in a typical rainstorm area (Hu et al. ) and plateau and mountainous areas (Meng et al. ) , TMPA 3B42 products also showed good performance. Current studies suggest that the TMPA 3B42 products feature wide-coverage applicability and have a good hydrologic model adaptation in most basins across the world.
However, the hydrological utility of 3B42 products in a basin featuring typical alpine and gorge regions remains to be determined and tested. If the product still presents good hydrologic model adaptation in such a basin, it would have profound significance for the wide use of the V7 product.
As the seventh longest river in the world, the Lancang River (upstream of the Mekong River) originates from the Qin- 
METHODOLOGY Precipitation comparison
In this study, the precipitation series of the Lancang River basin from 1998 to 2015 were selected, and the gauge data were used as the actual value for a comparative analysis. Since satellite precipitation data errors are related to spatio-temporal scales, experiments will be conducted on daily scale, monthly scale, grid scale, and basin scale, respectively. The data recorded by the national meteorological stations can represent the precipitation of a certain region. For grid scale, the gauge data were compared with the nearest V7 grid data. The basin scale compares the precipitation data of all stations and grids in the basin after averaging them. Then, the occurrence frequency of daily precipitation in different rain intensity classes and its proportion of total precipitation are calculated to explore the characteristics of the V7 data.
VIC hydrological model
This study used the VIC hydrological model ( values. An introduction to these parameters is listed in Table 1 .
The latest version of the VIC model (VIC5.0) was chosen and requires several meteorological forcing data, including precipitation, air temperature, air pressure, wind speed, vapor pressure, longwave radiation, and shortwave radiation. Shortwave radiation can be converted from sunshine hours, and longwave radiation was calculated via 
Hydrological simulation scenarios
To evaluate the hydrological utility of the V7 product, it is necessary to perform a hydrological validation. The following two scenarios were performed to simulate the hydrological utility of the V7 precipitation product based on the parameters obtained from different precipitation products.
Scenario I (static parameter method): Input the rain gauge precipitation data into the VIC model and obtain a set of optimal parameters after calibration; then, apply the parameters to the V7-driven hydrological model. Under 
Statistical indices
The V7 product was evaluated using several statistical indices including the Pearson correlation coefficient (CC), the relative bias (BIAS), the root mean square error (RMSE), the probability of detection (R D ), the false alarm ratio (R FA ), and the normalized mean square error (NMSE) (Torgo ) . The CC is used to evaluate the consistency between the V7 data and the gauge data; the BIAS describes the systematic deviation of the V7 data; the RMSE is used to measure the degree of the deviation between V7 data and gauge data; in other words, the RMSE can evaluate the accuracy of the satellite measurements. R D is used to describe the probability that V7 detects a precipitation event correctly. R FA is a ratio measuring whether V7 did not detect a precipitation event. The NMSE reflects the accuracy of the V7 data after considering the inherent deviation of the gauge data.
In general, the estimations would be regarded as unavailable for a NMSE above 1.0 (Yao & Tan ).
The results of the hydrologic simulation were evaluated using CC, BIAS, and Nash-Sutcliffe coefficient of efficiency (NSCE) (Nash & Sutcliffe ) . The NSCE is used to assess the degree of deviation between the simulated and the observed streamflow. The formulas of the statistical accuracy indices are listed in Table 2 . 
RESULTS AND ANALYSIS
Evaluation of the 3B42-V7 data compared to the gauge data A regression analysis and a detection performance analysis were conducted on different temporal scales (daily and monthly) and spatial scales (grid and basin). A regression analysis was performed (Figure 2 ) and the results of statistical indices are presented in Table 3 .
As the results show, on a daily scale, the satellite data overestimate the overall amount of rainfall, and the poor linear relationships between gauge data and the nearest 3B42 grid data resulted in the CC from 0.37 to 0.55. For the precipitation detection capability, the TRMM satellites generally achieve good performance in the study area NMSEs also decrease sharply. Thus, the accuracy and consistency between the V7 data and the gauge data are further improved as the time scale expands (from daily to monthly), which may be due to the calibration of V7 data using monthly gauge data.
The occurrence frequency and the contributions to the total rainfall amount distribution of the daily precipitation in different rain intensity classes were calculated and compared between the gauge data and the V7 data both on grid and basin scale (Figure 3) , respectively. Apparently, the satellite can precisely measure most of the occurred rainfall (>1 mm/day), which contributes more than 90% of the precipitation for the total rainfall. Associated with the R FA , the V7 data mainly treat non-precipitation events as light precipitation events (0-1 mm/day). Pearson correlation coefficient CC -
Note: P, gauge data series; S, 3B42-V7 data series; cov(P,S), the covariance between P and S; var(P,S), the variance of P or S; n, the length of P and S series; n 11 , number of rainfall events that gauge recorded and 3B42-V7 detected; n 10 , number of rainfall events that gauge recorded but 3B42-V7 did not detect; n 01 , number of rainfall events that 3B42-V7 detected but gauge did not record.
Fortunately, the consequences of such errors are not severe since light precipitation only accounts for a small part (<10%) of the total precipitation in this region. In terms of the distribution of precipitation contribution, the precipitation from both gauge data and V7 data are fairly consistent. poor. Nevertheless, the overall quality of the product can still meet the accuracy required for engineering applications, especially for the application of the basin scale, which may benefit from the strong calibration capabilities of the satellite inversion algorithm. Additionally, the data accuracy can be greatly improved by enlarging the spatial or temporal scales.
Hydrologic validation with the VIC model

Scenario I: static parameter method
The recorded results of the daily streamflow simulation during calibration and validation periods of the two scenarios are presented in Table 4 , while the monthly streamflow simulation results are shown in Table 5 .
As shown in Figure 4 this set of parameters calibrated with the daily gauge precipitation data. Therefore, the parameters obtained in Scenario I
are not suitable for the V7 precipitation data.
On a monthly scale, the accuracy of the streamflow simulation results based on the gauge is further improved.
The CCs are above 0.90, and the NSCEs in the calibration and validation period are 0.90 and 0.85, respectively. Generally, the accuracy of the NSCEs is higher than that suggested by Moriasi et al. () . This further supports the applicability of the VIC model to the Lancang River basin.
However, although the accuracy of the streamflow simulation results increases with extended temporal scale, the results shown in Table 5 indicate that simply replacing the precipitation input file with the V7 data and simulating without changing the parameters will result in a large deviation.
As shown in Figure 5(b) , the streamflow simulation value is higher than the measured value.
Scenario II: dynamic parameter method
To fully use the V7 data, we recalibrated the VIC hydrologic model with the V7 daily data. As shown in Figure 4 (c), Table 4 indicate that the systematic bias significantly decreases after recalibration, with BIAS values decreasing to 11.58%
and À4.58% for the calibration and validation periods, On a monthly scale, due to the enlargement of the temporal scale (from daily to monthly), the individual deviation of the V7 precipitation data is compensated and the simulation accuracy is further improved. Although some problems still remain, such as the underestimation of peak flow, or the slightly overestimated dry season, the data in Table 5 show that the CCs still exceed 0.94, and the NSCEs in the calibration and validation period are 0.88 and 0.83, respectively. Therefore, the V7 precipitation data achieved good hydrological utility on both daily scale and monthly scale. In general, the quality of satellite precipitation products is mainly affected by both topography and precipitation magnitude (<1 mm/day or >25 mm/day). Given the good accuracy and hydrological utility of the V7 product in the typical rainstorm (Hu et al. ) , alpine, and gorge areas, it can be speculated that the V7 precipitation product has been developed to a mature stage and can be applied to most areas with good results. The coverage observation product might provide an even better precipitation estimation and hydrological utility (Wang et al. b) .
CONCLUSIONS
This study first evaluated the accuracy and performance of the post-processed V7 product for the Lancang River basin featuring formidable and complex natural conditions. Subsequently, the applicability of the product via hydrological simulation using the VIC model at the study area was validated. The accuracy of the V7 daily precipitation data on grid scale is quite poor. Nevertheless, the statistical indices are greatly improved and the data can be applied (with NMSE ¼ 0.82 < 1.0) in combination with the spatial enlargement from grid scale to basin scale. In addition, the data accuracy was further improved with the enlargement of the time scale (from daily to monthly). Some errors mainly occurred for light precipitation; specifically, the data mistake non-precipitation events as light precipitation events (<1 mm/day). Fortunately, the V7 data can accurately capture most rainfall events (>1 mm/day) which contribute to over 90% of the total precipitation. Moreover, the distributions of the V7 data in different rain intensities are close to the gauge data. The overall quality of the product still meets the accuracy required for engineering applications.
The VIC model has good applicability to the Lancang River basin, which is a typical narrow-shaped and complex basin where even snow is present. The direct application of the V7 data to the VIC model based on the calibration of gauge data clearly leads to a higher runoff level and causes larger deviation. After recalibrating the hydrologic model with the V7 data, the medium level flow simulation then becomes more accurate and some of the flood peaks are also accurately captured. In general, the accuracy of the V7-based simulation is similar to that of the gaugebased results, and the enlargement of the temporal scale can further improve simulation accuracy. Therefore, the V7 product can become a new source of precipitation data for the Lancang River basin and thus has great potential for the hydrological simulation.
